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(54) Oil carbamates of macrolide antibacterials 
(57) This invention relates to conr^unds of the fonmula 




1 

and to phamtaceutically acceptable salts thereof. The compounds of formula 1 are potent antibacterial agents 
that may be used to treat various bacteriat infections and disorders related to such infections. The invention also relates 
to pharmaceutical compositions containing the compounds of fonmulal, and to methods of treating bacterial nnf ections 
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by administering the compounds ot fomnula J. The invention also relates to methods of preparing the compounds of 
formula 1 and to intemnediates useful in such preparation. 
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E>eserlption 

BackgiDund of the Invention 

s [0001 ] This invention relates to novel C 11 carbamate azalide derivatives that are useful as antibactertat and antipro- 
tozoa agents in nnammals, including nnan. as well as in fish and birds. This invention also rentes to phanmaceutical 
compositions containing the novel compounds and to methods of treating bacterial and protozoa infections in nr^ammals, 
fish and birds by administering the novel compounds to manvnals. fish and birds requiring such treatment. 
[0002] Macroiide antibiotics are known to be useful in the treatment of a broad sprectrum of bacterial infectk)ns in 

10 mammals, fish and birds. Such antibk>tics include vark>us derivatives of erythromycin A such as azithromycin which 
is commercially available and is referred to in United States patents 4.474.768 and 4,517.359, both of which are in- 
corporated herein by reference in their entirety. Additbnal nr^acroiides are referred to in United States provisional patent 
application serial number 60/049349, filed June 11 , 1 997 ( Yong-Jin Wu); in United States provisk)nal patent application 
serial number 60/0461 50, filed May 9, 1997(Yong-J{nWu); in United States provis»nal patent application serial numto^ 

15 60/063676. filed October 29, 1997 (Yong^ln Wu); United States provisional patent applk^ation serial number 
60/063161. filed October 29. 1997 (Ypng-Jin Wu); United States provisbnal patent applicatton serral number 
60/054866, filed August 6. 1997 (Wei-Guo Su. Bingwei V. Yang, Robert G. LInde. Katherine E. Brighty. Hiroko Masa- 
mune, Yong-Jin Wu, Takushi Kaneko and Paul R. McGuirk); United States provisional patent applk:atk)n serial nunnber 
60/049348, filed June 1 1 , 1 997 (Brian S. Bronk. Mk:hael A. Letavb, Takushi Kaneko and Bingwei V. Yang); Intematiorial 
. 20 , Application hk>. PCT/GB97/01 81 0 filed July 4. 1 997 (Peter Francis Leadlay, James Staunton, Jesus Cortes and Michael 
Stephen Pacey); International /Vpplfcatbn No. PCT/GB97/01819, filed July 4, 1997 (Peter Francis Leadlay, James 
Staunton, and Jesus Cortes); United States ); United States provisional patent application serial number 60/070343, 
entitled "Novel Macrolides'. filed January 2, 1998 (John P. Dirlam); and United States provisonal patent application 
entitled 'Novel Erythromycin Derivatives', filed January 2. 1998 (Yong-Jin Wu); ail of whk:h are incorporated herein by 

2S reference in their entirety. Like azithromycin and other macrolkle antlbk>tics, the novel macroiide compounds of the 
present Inventbn possess potent activity against various bacterial infectbns as described bek>w. 

Sunrmnaiv of the Inventfon 

30 [0003] The present inventk>n relates to compounds of the fomnula 



35 




NMe, 



40 



45 



OMe 



SO 



1 



and to pharmaceutically acceptable salts thereof, wherein: 



ss 



X is -CHgNR^-, or -NR^CHjr wherein the first dash of each of the foregoing X groups is attached to C-10 cart)on 
of the compound of formula 1 and the last dash of each group is attached to the C-8 cart>on of the compound of 
formula 1; 



3 



EP 0 984 019 A1 



is hydroxy; 

. fP is H, C,-C,o alkyi, C2'^w^^^^V^- ^a'^io a'kynyl, cyano, -CH2S(0)„R® wherein n Is an nileger ranging from 0 
to 2, -CHgOR®, -CHgNR^R^. 'i^^ml^s-'^w aryl). or -(CH2)^(5-1 0 membered heteroaryl). wherein m Is an integer 
ranging f ronn 0 to 4, and wherein the alkyl, alkenyl, alkynyl, aryt and heteroaryl moieties of the foregoing groups 
5 are optionally substituted by 1 to 3 substituents independently selected from halo, cyano, nitro, trifluoromethyl. 

azido, -C{0)R8, -0C(0)R8 -NR8C(0)R9. -C(0)NR8R9. -NRBRS hydroxy, C^-Ce alkyl. C^-C^ alkoxy. Ce-C^o aryl, 
and 5-1 0 membered heteroaryl; 

r3 Is an alpha-branched C2-C8 alkyl, alkenyl, alkynyl. alkoxyalkyl or alky IthloalkyI group any of which may optionally 
be substituted by one or more hydroxyl groups; a Cg-C^ cyck)alkylalkyl group wherein the alkyl group is an alpha- 

10 branched C2-C5 alkyl group; a CyC^ cycloalkyi or C5-CB cycloalkenyl group, either of which way optionally be 
substituted by methyl or one or more hydroxyl or one or more C, -C4 alkyl groups or hak> atoms; or a 3 to 6 membered 
oxygen or sulphur containing heterocyclk: ring whbh may be saturated, or fully or partially unsaturated and which 
may optbnally be substituted by one or more CyC^ alkyl groups or halo atoms; specific preferred examples of R^ 
are ethyl, isopropyl, cyclopropyl, sec-butyl, cyclobutyl. cyctopentyl, methytthioethyl. furyl; 

IS 30r R^ is phenyl which may be optionally substituted with at least one substituent selected from alkyl, C|- 

C4 alkoxy and 0^*04 alkylthb groups, halogen atoms, hydroxyl groups, trifluoromethyl, and cyano; 
:R* is H or a hydroxy protecting group; 

each R5 and R® is independently H, C^-C^q alkyl, C^-C^q alkenyl, Cg-C^o alkynyl, -{CH2)^C6-Cio aryl, -(CHg)^ 
(5-10 membered heteroaryl). wherein m is an integer ranging from 0 to 4. and wherein the alkyl, alkenyl, aryl, 
20 heteroaryl and alkynyl moieties of the foregoing and R^ groups are optionally substituted by 1 to 3 substituents 
independently selected from hab, cyarx), nitro, trifluoromethyl, azkJo, -C(0)F^, -C)C(0)R®, -NR%(0)R®. -C(0) 
NRWrNR^R®, hydroxy, Ci^^ealkyl, Ci-Cg alkoxy, Cg-Cioaryl, and5-10mernberedheteroaryl; o^ 
be taken together to form a 4-7 membered saturated ring or a 5-10 membered heteroaryl ring, wherein said sat- 
urated and heteroaryl rings optionally include 1 or 2 heteroatoms selected from O, S, and N, in addition to the 
. 25 nitrogen to whk:h R^ and R^ are attached, said saturated ring optionally includes 1 or 2 carbon-carbon double or 

triple bonds, and sakJ saturated and heteroaryl rings are optionally substituted by 1 to 3 substituents independently 
selected from hab, cyano, nitro, trifluoromethyl, azido, -C(0)R8, -0C(0)RS.-NRSC(0)R9, -C(0)NR8r9 -NR^R^. 
hydroxy, C-j-Cg alkyl, C^-Ce alkoxy, Cg-C^o aryl, and 5-10 membered heteroaryl; 

R7 is H, C-j-C^o 3^ky'' ^a'^io alkenyl, C2-Cio alkynyl, -(CH2)fnC6-Cioaryl, -{CH2)^(5-10 membered heteroaryl). 
30 wherein m is an integer ranging from 0 to 4, and wherein the alkyl, alkenyl, aryl, heteroaryl and alkynyl moieties 

of the foregoing R^ and R^ groups are optionally substituted by 1 to 3 substituents Independently selected from 
hab. cyano, nitro, trifluoromethyl, azido, -C(0)RS. -0C(0)R8, -NR«C(0)R9 -C(0)NR»R9, -NRBrs hydroxy. OyC^ 
alkyl, C^-Cg alkoxy, C^-C^o aryl. and 5-10 membered heteroaryl; 

each RQ and R^ is independently H. hydroxy. -C^ alkoxy, C^-Ce alkyl, Ca-Cg alkenyl. (CH2)„,(C8-C^o a»y'). (CHg)^ 
35 (5-10 membered heteroaryl). wherein m is an integer ranging from 0 to 4. or Cg'C^Q alkylyl; and Me Is methyl 

[0004] Prefered compounds of formula 1^ Include those wherein R^ is hydroxy, R^ Is H or methyl, R^ is ethyl. R* is 
H.R^isH.R^ is Ci*Cio alkyl, C2-C10 alkenyl, C2"Cio alkynyl, '{0^2)nfis'^w aryli '■(CH2)m(5-10 membered heteroaryl), 
wherein m is an integer ranging from 0 to 4, and wherein the alkyl, alkenyl, alkynyl. aryl and heteroaryl moieties of the 
foregoing R® group are optbnally substituted by 1 to 3 substituents independently selected from hab, cyano, nitro, 
trifluoromethyli azbo, hydroxy, C^-Cg alkyl, C,-Cg alkoxy, R^ is H, Me, Et, propyl, butyl, cyclopropylmethyl. Specific 
prefered compounds having the foregoing general structure include those wherein R^ Is 2'pyrldylmethyl, 3-pyrrdylme- 
thyl. 4-pyridylmethyl. 2-pyridylethyl, 3-pyridylethyl, 4-pyrkiylethyl. 2-fluorobenzyl. 3-fluorobenzyi. 4-fluorobenzyl. 
2,3-dimethoxybenzyl, 2,4-dimethoxyben2yl. 2,5-dimethoxybenzyl. 2,6-dimethoxybenzyl, 3.4-dimethoxybenzyl, 

45 3,5-d'imethoxybenzyl, 3.6-dimethoxybenzyl, 3,4-dimethoxyphenylethyl. allyl, propyl, isopropyl. 

[0005] The inventbn also relates to a pharmaceutbal composition for the treatment of a bacterial infectbn or a 
protozoa infection in a mammal, fish, or bird which comprises a therapeutbally effective amount of a compound of 
formula r, or a phanrnaceutically acceptable salt thereof, and a pharmaceuticaily acceptable carrier 
[0006] The inventbn also relates to a method of treating cancer, in particular non-small cell lung cancer, in a mammal. 

50 which comprises adminstering to said mammal a therapeutbally effective amount of a compoumi of formula 1 or a 
pharmaceuticaily acceptable salt or solvate thereof. 

[0007] The inventbn also relates to a method of treating a bacterial infectbn or a protozoa infection In a mammal, 
fish, or bird whbh comprises administering to said mammal, fish or bird a therapeutically effective amount of a com- 
pourKj of formula _1 or a pharmaceutbally acceptable salt thereof. 
55 [0008] The term treatnf>enf, as used herein, unless olhenvise tndbated, bicludes the treatment or prevention of a 
bacterial infection or protozoa infection as provided in the method of the present .inventbn. 
[0009] As used herein, unless othenwlse Indbated, the terms 'bacterial infectbn(s)* and 'protozoa infection(s)' In- 
clude bacterial infections and protozoa infections that occur tn mammals, fish and birds as well as disorders related to 
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bacterial infections and protozoa infections that may be treated or prevented by administering antibiotics such as the 
compounds of the present invention. Such bacterial infections and protozoa infections, and disorders related to such 
infections, include the following: pneumonia, otitis media, sinusitus, bronchitis, tonsillitis, and mastoiditis related to 
infection by Streptococcus pneumonme, Haemophilus influenzae, Moraxel^ catanhalis, Staphylococcus aureus, or 

s Peptostreptococcus spp.; pharynigitts, rheumatic fever, and glomerulonephritis related to infection by Streptococcus 
pyogenes. Groups C and G streptococci. Clostridium diptheriae, or Actinobacillus haemolyticum; respiratory tract in- 
fections related to bnfection by Mycoplasma pneumoniae, Legionella pneumophila, Stmptococcus pneumoniae, Hae- 
mophilus influenzae, or Chlamydia pneumoniae; uncomplicated skin and soft tissue infections, abscesses and osteo- 
myelitis, and puerperal fever related to infection by Staphyhcoocus aureus, coagulase^ositive staphylococci (i.e.. S. 

10 epidermidb, S. hemolyticus, etc.). Streptococcus pyogenes. Streptococcus aga^ctiae. Streptococcal groups C-F 
(mlnute-cobny streptococci), viridans streptococci, Corynebaderium minutissimum, Clostridium spp., or Bartonella 
henselae: uncomplk:ated acute urinary tract infections related to infection by Staphylococcus saprophyticus or Ente- 
rococcus spp. : urethritis and cervicitis; and sexually transmitted diseases related to infection by Chlamydia trachomatis, 
Haemophilus ducreyi, Treponema pallidum, Ureaplasma urealytscum, or Neiseniagononheae; toxin diseases related 

15 to inf ectbn by S. aureus (food poisonnng and Toxb shock syndrome), or Groups A, B. and C streptococci; ulcers related 
to Infectton by Helicobacter pylori; sysXemc febrile syndromes related to infection by Borrelia recurrentis; Lyme disease 
related to infection by Borrelia burgdorieri; conjunctivitis, keratitis, and dacrocystitis related to infection by Chlamydia 
trachon^tb, Neisser^ gononrho^e, S. aureus, S. pneumoniae, pyogenes, H. influenzae, of Listeria spp.; dissem- 
inated Mycobacterium avium complex (MAC) disease related to infection by Mycobacterium avium, or Mycobacterium 

20 intracellulare; gastroenteritis related to tfifectk)n by Campylobader iie\um; intestinal protozoa related to infection by 
Cryptosporidium spp.; odontogenic infection related to Infectkxi by viridans streptococci; persistent cough related to 
infection by Bordetella pertussis; gas gangrene related to infection by Clostridium periringens or Bacteroides spp.; and 
atherosclerosis related to infection by Helicobacter pylori or Chlamydia pneumoniae. Bacterial infectbns and protozoa 
infections and disorders related to such infections that may be treated or prevented in animals include the folbwing: 
. 25 bovine respiratory disease related to infection by R haem., P. multodda, H. somhus. Mycoplasma bovis, or Bordetella 
spp.; cow enteric disease related to infection by E. coUox protozoa (i.e., coccidia, Cryptosporidia, etc.); dairy cow 
mastitis related to infection by Staph, aureus. Strep, uberis, Strep, agalactme. Strep, dysgalactiae, Klet)siella spp., 
Corynebacterium, or Enterococcus spp.; swine respiratory disease related to Infection by A pleuro., P. rpultocida, or 
Mycoplasma spp.; swine enteric disease related to infection by E coli, Lawsonia intracellularis. Salmonella, or Serpulina 

so hyodyisinterBe; CON looXroX related XomiecXton by Fiisobacferrirm spp.; cow metritis related to infectk>n by E cd//;cow 
hairy warts related to infection by Fusobacterium necrophorumor Bacteroides nodosus; cow pink-eye related to inf ec- 
tton by Moraxella bovis; cow premature abortion related to infectbn by protozoa (i.e. neosporium); urinary tract infection 
in dogs and cats related to Infection by E. coli; skin and soft tissue infections in dogs and cats related to infection by 
Staph, epidermidis. Staph, intermedius, coagulase neg. Staph, or R multocida; ar^i dental or mouth infections in dogs 

ss and cats related to inf ection by Alcal^enes spp., Bacteroides spp., Clostridium spp., Enterobacter spp., Eubacterium, 
Peptostreptococcus, Porphyromonas, or Prevotella. Other bacterial infectkxis and protozoa infectbns and disorders 
related to such infectkxns that may be treated or prevented in accord with the method of the present invention are 
referred to in J: P. Sanford et al., The Sanford GukJe To Antimbrobial Therapy," 26th Edition, (Antimicrobial Therapy, 
Inc., 1996). 

40 [001 0] The present inventbn also relates to a method of preparing the above compound of formula _1, or a pharma- 
ceutlcally acceptable salt thereof, wherein is H, is C^-C^o ^2~^io ^^^^nyl, C^-C^q atkynyl, '(CH2),n^6~^io 
aryl, -(CH2)m(5-10 membered heteroaryl), wherein m is an integer ranging from 0 to 4, whbh comprises treating a 
. compound of the formula 2 

45 



so 
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IS 




20 



2 

2S wherein X, R**, R^, R^ and R* are as defined above, with a compound of the formula HNR^R^. wherein R? and 

. R^ are as defined above. 

[0011] In a further aspect of the above process of preparing the compound of fomriula j[» or a pharmaceuticalty ac- 
ceptiable salt thereof, the above cornpound of fonnula 2 is prepared by treating a compound of the formula 3 

30 




so 

3 



wherein X, R^, R^, R^ and are as defined above, with a suitable reagent such as ethylene cartx)nate, in the 
ss presence of a base such as as potassium cartxxiate, in a liquid such as ethyl acetate at 75 ''C. 

[0012] The present invention also relates to the above compounds of fonmula 2, as indicated above, useful in the 
preparation of the above compounds of formula^ and pharmaceutlcally acceptable salts thereof. 
' [0013] The term "hydroxy protecting group*, as used herein, unless othenvise indicated, includes acetyl, benzyloxy- 
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cart>onyl. and varbus hydroxy protecting groups familiar to those skilled in the art Including the groups referred to in 
T. W. Greene. P. G. M. Wuts, "Protective Groups In Organic Synthesis," (J. Wiley & Sons, 1991). 
[0014] The lenn "halo", as used herein, unless otherwise indicated, includes fluoro, chloro, bromo or iodo. 
[001 S] The term "alkyl", as used herein, unless otherwise indicated, includes saturated monovalent hydrocart)on 
5 radicals having straight, cyclic or branched moieties, or mixtures thereof. It isto be understood that where cyclic nfK>ieties 
are intended, at least three carbons in said alkyi must be present. Such cyclk: moieties include cyck)propyl. cyctobutyl 
and cyclopentyl. 

[0016] The term 'alkoxy'. as used herein, unless otherwise indicated, includes -C>alkyl groups wherein alkyl is as 
defined above. 

10 [0017] The term 'aryl*. as used herein, unless othenwise indicated. Includes an organk: radical derived from an ar- 
omatic hydrocarbon by removal of one hydrogers such as phenyl or naphthyl. 

;[0018] The tem> *5-10 membered heteroaryl'. as used herein, unless othenvise indicated, includes aromatic hete- 
rocyclic groups containing one or wore heteroatoms each selected from O, S ax\6 N, wherein each heterocycik; group 
has from 5 to 10 atoms in its ring system. Examples of suitable 5-10 membered heteroaryl groups include pyridinyl, 
IS imidazolyl, pyrimidlnyl, pyrazolyl, (1 ,2.3,)- and (1 ,2,4)-tria2olyl, pyiazinyl. tetrazolyl. f uryl. thienyl, isbxazolyl, oxazolyl, 
pyrrolyl and thiazolyL 

[001 9] The phrase 'pharmaceutk:ally acceptable salt(s)'. as used herein, unless othenivise Indicated, includes salts 
of acidic or basic groups whk:h may be present in the compounds of the present invention. The comfX)unds of the 
present inventbn that are basb in nature are capable of fonming a wkie variety of salts with varbus inorganic and 

20 organic ackJs. The acids that may be used to prepare pharmaceutlcaliy acceptable acid additbn salts of such basic 
compounds of are those that fonm non-toxb acki addition salts. Ke., salts containing pharmacok>gically acceptable 
ankxYS, such as the hydrochloride, hydrobromtde. hydroiodide. nitrate, sulfate, bisulfate. phosphate, acid phosphate, 
isonicotlnate, acetate, lactate, salicylate, citrate, acid citrate, tartrate, pantothenate, bitartrate. ascorbate, succinate, 
maleate, gentisinate, fumarate, gluconate, giucaronate. saccharate, fonDate. benzoate, glutamate. methanesulfonate, 

2S ethanesulfonate, benzenesulfonate. p-toluenesulfonate and pamoate [le.. 1,V-methylene-bis-(24iydroxy-3-naph- 
thoate)] salts. The compounds of the present invention that include an amino moiety may form pharmaceutically ac- 
ceptable salts with various amino acids, in acMition to the acids mentbned above. 

[0020] Those compounds of the present invention that are acidic in nature are capable of forming base salts with 
various pharmacobgicaily acceptable catbns. Examples of such salts include the alkali metal or alkaline earth metal 

30 salts and, particularly, the calcium, magnesium, sodium and potassium salts of the compounds of the present Inventbn. 
[0021] Certain compounds of the present invention may have asymmetrk; centers and therefore exist in different 
enantiomeric and diastereomic fonms. This invention relates to the use of all optk:al isomers and stereoisomers of the. 
compounds of the present invention, and mixtures thereof ^ arKi to all pharmaceutical compositions and methods- of 
treatment that may employ or contain them. 

3S [0022] The present invention includes the compounds of the present invention, and the pharmaceutbally acceptable 
salts thereof, wherein one or more hydrogen, carkx)n or other atoms are replaced by isotopes thereof. Such compounds 
may be useful as research and diagnostic tools in metabolism pharmacokinetic studies and in binding assays. 

Detailed Diescription of the Inventbn 

40 

[0023] The compounds of of the present inventbn may be prepared according to Scheme 1 bebw and the description 
that folbws. In the following Schemes, unless otherwise indicated, substituents X > R^* R^. B^. R^. R^ R^> R®, and 
R9 are as defined above. 

45 



so 
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Scheme 1 




55 

[0024] This invention uses the following macroltde templates as starting materials: desmethy l-azithromycin. desme- 
thyl-isoazfthronnycin as well as their analogs. Azithromycin can be prepared according to methods described in United 
States Patent Nos. 4.474.768 and 4.51 7.359. ref ened to above. Isoazithromyctn can be prepared according to methods 
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described in European Patent Pubtbatibn 0508699. 

[0025] The foregoing starting materials require proper functional group protection before various modifications can 
take place, and deprotection after desired modifications are complete. The most commonly used protecting groups for 
amino moieties in the macrolide compounds of this invention are benzyloxycarbonyl (Cbz) and t-butyloxycarbonyl (Boc) 
5 ' groups. Hydroxy! groups are generally protected as acetates or Cbz cartx^nates. The relative reactivity of varbus 
hydroxyl groups in the macrolide nK>lecules of the general type claimed In this invention has been well established. 
Such differences in reactivity permit selective modification of different parts of the compounds of this invention. 
[0026] In the above Schemes, the O-Z hydroxy group (1^ is H) is selectively protected by treating the macrolide 
compound with one equivalent of acetic anhydride in dichloromethane in the absence of external base to provide the 

10 corresponding compound wherein R* is acetyl. The acetyl protecting group may be removed by treating the compound 
of formula 3 with methanol at 23-65'C for 10-48 hours. The 0-2* hydroxy may also be protected with other protecting 
groups farniliar to those skilled in the art, such as the Cbz group. Where X is -CHgNH-.Ihe C-9 amino group may also 
require protection before further synthetic modifications are performed. Suitable protecting groups for the amino moiety 
. are Cbz arid Boc groups. To protect the C-9 amino group, the macrolide may be treated with t-butyl dicarbonate in 

IS anhydrous tetrahydrofuran (THF) or benzytoxycarbonyl N-hydroxysuccriimide ester or benzylchloroformate to protect 
the amino group as Its t-butyl or benzyl carbamate. Both the C-9 amino and C-2' hydroxy may be selectively protected 
with the Cbz group in one step by treating the compound of formula 2 with benzytehloroformate in THF and water. The 
Boc group may be removed by acid treatment and the Cbz group may be removed by conventional catalytic hydro- 
genation. In the following descriptfon, it is assumed that, where X is -CHgNH-, the C-9 amino moiety as well as the C- 

20 . 2* hydroxy group are protected and deprotected as would be deemed appropriate by those skilled in the art. 

[0027] in Scheme 1 . the compound of formula 3 may be prepared according to methods familiar to those skilled in 
the art. In step 1 of Scheme 1, the compound of formula 3 is treated with a suitable carbonate forming reagent such 
as ethylene carbonate, in the presence of a base such as potassium carbonate, in a solvent such as EtOAc, at tem- 
perature ranging from 23 to J&'C, to provide the compound of formula 2. In step 2 of Scheme 1, the compound of 

' ss formula 2 is trieated with HNR^R^ wherein and are as defined as above, a catalytic anrK)unt of pyridine hydro- 
chloride can be added, N-Me-imidazole can be used as both a solvent and catalyst to accelerate the reactbn when 
lipophilic aromatic amines such as fluorobenzyl amine and methoxybenzylamine were used. The resulting solution Is 
stirred at a temperature ranging from 23°C to 75**C for two to five days to provide the compound of formula 1 . 
. . [0028] The compounds of the present invention may have asymrrietrk: carbon atoms and therefore exist in different 

30 enantiomeric and diastereomerk: fonrts. Diastereomeric mixtures can be separated into their indivkiual diastereomers 
on the basis of their physical chemical differences by methods known to those skilled in the art, for example, by chro- 
matography or fractfc>nal crystallization. Enantiomers may be separated by converting the enantiomeric mixtures into 
a diastereomiBric mixture by reaction with an appropriate optically active compound (e.g.. akx>hol), separating the 
diastereomers and converting (e.g., hydrolyzing) the indivkiual diastereomers to the corresponding pure enantiomers. 

35 Such separations may also be accomplished through use of standard chiral HPLC. the use of all such isomers, In- 
cluding diastereomer mixtures and pure enantksmers, are conskJered to be part of the present Invention. 
[0029] The compouncte of the present invention that are basic in nature are capable of forming a wide variety of 
different salts with vark>us inorganic and organs acids. Although such salts must be phanmaceutk:ally acceptable for 
administration to mammals, it is often desirable in practice to initially Isolate the compound of the present invention 

40 from the reaction mixture as a phanmaceutically unacceptable salt and then simply convert the latter back to the free 
base compound by treatment with an alkaline reagent and subsequently convert the latter free base to a pharmaceu- 
tically acceptable acki additbn salt. The acid additk>n salts of the base compounds of this inventk)n are readily prepared 
by treating the base compound with a substantially equivalent amount of the chosen mineral or organic ackJ in an 
aqueous solvent medium or in a suitable organfc solvent, such as methanol or ethanol. Upon careful evaporation of 

45 the solvent, the desired solid salt is readily obtained. The desired salt can also be precipitated from a solution of the 
free base in an organic solvent by addirig to the solution an appropriate mineral or organic acki. 
[0030] Those compounds of the present invention that aro ackik: in nature are capable of formnng base salts with 
various catbns. For compounds that are to be administered to marnmals, fish or birds such salts must be phanmaceu- 
tically acceptable. Where a pharmaceutbally acceptable salt is required, it may be desirable to initially isolate the 

so compound of the present inventk)n from the reactbn mixture as a phanmaceutically unacceptable salt and then simply 
convert the latter to a phanmaceutk:ally acceptable salt in a process anak>gous to that described above relating to the 
conversion of phanmaceutkally uriacceptabie acki additioh salts to phanmaceutk:ally acceptable salts. Exannples of 
base salts include the alkali metal or alkaline-earth metal salts and partculariy the sodium, amine and potassium salts. 
These salts are all prepared by conventbnaJ technk^ues. The chemk^al bases which are used as reagents to prepare 

ss the pharmaceutical ly acceptable base salts of this inventbn are those which form non-toxic base salts with the ackjic 
compouTKls of the present invention. Such non-tox» base salts include those derived from such phanmacologically 
acceptable cations as sodium, potassium, calcium, magnesium, various amine cations, etc. These salts can easily be 
. prepared by treating the corresponding acidc compounds with an aqueous solution containing the desired pharmaco-. 
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logically acceptable bases with cations such as sodium, potassium, calcium, magnesium, various amine cations, etc.. 
and then evaporating the resulting solution to dryness, preferably under reduced pressure. Altennatively. they may also 
be prepared by mixing lower alkanolic solutions of the acidic compounds and the desired alkali metal alkoxide together, 
and then evaporating the resulting solution to dryness in the same manner as before. In either case, stoichk)metric 
s quantities of reagents are preferably employed in order to ensure completeness of reaction and maximum yields of 
the desired final product 

[0031] The activity of the compounds of the present invention in the treatment of a bacterial, parasitic or protozoal 
infection, or a disorder related to a bacterial, parasitic or protozoal infection, may be assessed by subjecting the claimed 
compounds to one or more of the following assays. 

10 

Assay I 

[0032] Assay I, described below, employs conventional methodobgy and Interpretation criteria and is designed to 
provide direction for chemical modiTicatkxis that may lead to compounds that circumvent defined mechanisms of mac- 

IS rolide resistance. In Assay I, a panel of bacterial strair^ is assembled to include a variety of target pathogenic species, 
including representatives of macrolide resistance mechanisms that have been characterized. Use of this panel enables 
the chemical structure/activity relationship to be detenmined with respect to potency, spectrum of activity, and structural 
elements or modificatfons that may be necessary to obviate resistance mechanisms. Bacterial pathogens that comprise 
the screening panel are shown in the table bek>w. In many cases, both the macrolide-susceptible parent strain and the 

20 macrolide-resistant strain derived from it are available to provide a more accurate assessment of the compound's ability 
to circumvent the resistance mechanism. Strains that contain the gene with the designation of emnA/ermB/ermC are 
resistant to macrolkfes. fincosamides, and streptogramin B antibiotics due to modifications (methylation) of 23S rRNA 
molecules by an Erm methylase, thereby generally prevent the binding of all three structural classes. Two types of 
macrolide efflux have been described; msrA encodes a component of an efflux system in staphylococci that prevents 

2S the entry of macrolides and streptogramins while mef A/E encodes a transmembrane protein that appears to efflux only 
macrolides. Inactivation of macrolide antibiotk:s can occur and can be mediated by either a phosphorylatk>n of the 2*- 

. . hydroxyl (mph) or by cleavage of the macrocyclic lactone (esterase). The strains may be characterized using conven-' 
tlonal polymerase chain reaction (PGR) technology and/or by sequencing the resistance detemninant Th&use of PGR 
technology in this application is described In J. Sutcliffe et al„ "Detection Of Erythromycin-Resistant Determinants By , 

30 PGR', Antimicrobial Agents and Chemotherapy, 40(1 1 ), 2562-2566 (1 996). The assay is performed in microtiter trays 
and interpreted according to Performance Standards for Antimicrobial Disk Susceptibility Tests - Sixth Editkvi; Ap- 
proved Standard, published by The National Committee for Clinical Laboratory Standards (NCCLS) gukJelines; the 
minimum inhibitory concentration (MIC) is used to. compare strains. Compounds are Initially dissolved in dimethylsul- 
foxide (DMSO) as stock solutions. 

35 ^ 



Strain Designation 


Macrolide Resistance Mechanism(s) 


Staphylococcus aureus 1116 


susceptible parent 


Staphylococcus aureus 1117 


ermB 


Staphylococcus aureus 0052 


susceptible parent 


Staphylococcus aureus 1120 


emiC 


Staphykxxx:cus aureus 1032 


msrA, mph, esterase 


Staphylococcus hemolyttciis 1006 


msrA, mph 


Streptococcus pyogenes 0203 


susceptible parent 


Streptococcus pyogenes 1079 


ermB 


Streptococcus pyogenes 1062 


susceptible parent 


Streptococcus pyogenes 1061 


ermB 


Streptococcus pyogenes 1064 


ermB 


Streptococcus agalactiae 1024 


susceptible parent 


Streptococcus agalactiae 1023 


ermB 


Streptococcus pneumoniae 1016 


susceptible 
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(continued) 



Strain Designation 


Macrotide Resistance Mechanism(s) 


Streptococcus pneumoniae 1046 


ermB 


Streptococcus pneumoniae 1095 


ermB 


Oil ^piouuiA'Uo pnou iTioniao 1 1 / o 


mefE 


Streptococcus pneumoniae 0085 


susceptible 


IHaemophilus influenzae 0131 


susceptible 


Moraxella catarrhaiis 0040 


susceptible 


Moraxella catarrtialis 1055 


erythromycin intemiediate resistance 


Escherichia coli 0266 


susceptible 



[0033] Assay II is utilized to test for activity against Pasteurella multocida and Assay III is utilized to test for activity 
agaff)st.Pasteurella haemolytica 

20 Assay li 

[0034] This assay is based on the liquid dilution method in microliter fonmat. A single colony of P. multocida (strain 
59A067) is inoculated into 5 ml of brain heart infusion (BHI) broth. The test compounds are prepared by solubilizrng 1 
,. mg of the compound in 125 yl of dimethylsulfoxide (DMSO). Dilutions of the test compound are prepared using unln- 
25 . oculated BHI broth. The concentrations of the test compound used range from 200 yg/hni to 0.098 yg/ml by two-fold 
serial dilutions. The P. multocida inoculated BHI is diluted with uninoculated BHI broth to make a 104 cell suspension 
per 200 % The BHI cell suspensions are mixed with respective serial dilutions of the test compound, and incubated 
at 37*C for 18 hours. The minimum inhibitory concentratbn (MIC) is equal to the concentration of the compound ex- 
hibiting 100% inhibition of growth of R multocida as determined by comparison with an uninoculated control. 

3a. 

Assay III 

. [0035] This assay is based on the agar dilution method using a Steers Replicator Two to frve colonies isolated from 
an agar plate are Inoculated into BHI broth and incubated overnight at ZPO with shaking (200 rpm). The next morning, 

35 300 yl of the fully grown P. haemolytica preculture is inoculated into 3 ml of fresh BHI broth and is incubated at 37*'C 
with shaking (200 rpm). The appropriate amounts of the test compounds are dissolved in ethanol and a series of two- 
fold serial dilutions are prepared. Two ml of the respective serial dilutk>n is mixed with 18 ml of molten BHI agar and 
soiklified. When the inoculated P. haemolytica culture reaches 0.5 McFarland standard density about 5 yl of the P. 
. haemolytica culture is inoculated onto BHI agar plates containing the various concentrations of the test compound 

40- using a Steers Replicator and Incubated for 18 hours at 37'*C. Initial concentratbns of the test compound range from 
100-200 yg/ml. The MIC is equal to the concentration of the test compound exhibiting 1 00% inhibition of growth of R 
haemolytica as determined by comparison with an uninoculated control. 

Assay IV 

45 

Murine Staphylococcus aureus intraperitoneal infection model 

[0036] Mbe (female CF-1) are albtted to cages (10 per cage) upon their arrival, and alk>wed to acclimate for a 
tnnnimum of 48 hours before being used. Mice are infected intraperitoneally with 0.5 ml of a 3 to 5 x 1 05 colony forming 

so units (CFUyml log phase culture of Staphylococcus aureus strain UC 6097 in 5% hog gastric mucin. Each experiment 
tias one infected, non-medicated control group. Generally, all mice in a given study can be challenged within 30 to 90 
minutes, especially if a repeating syririge (such as a ComwalK8> syringe) is used to administer the challenge cuftgre. 
Thirty minutes after infectkxi has begun, compound treatment is given. It may be necessary for a second person to 
begm compound dosing if all of the animals have not been challenged at the end of thirty minutes. Subcutaneous doses 

55 - are adnriinistered into the kx>se skin in the t>ack of the neck whereas oral doses are given by means of a feeding needle. 
In both cases, a volume of 0.2 ml is used per mouse. A control compound of known efficacy administered by the same 
route is included in each test. Animals are observed daily, and the number of survivors in each group is recorded for 
.72 hours (three days) post challenge. The PD50 is a calculated dose at which the compound tested protects 50% of 
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a group of mice from mortality due to the bacterial lnfectior> which would be lethal in the absence of drug treatment. 
Assay V 

5 Murbe Staphylococcus aureus intramammarv infection nrKxiel 

[0037] Lactating mice (female CF-1 that gave birth 2 to 5 days prior to the day of infection) (female CF-1 ) are allotted 
to cages (1 per cage) upon their arrival, and allowed to acclimate for 24-48 hours before being used. Mice are infected 
in the L4 mammary gland with 0.1 ml of a 300 to 450 colony fomnlng units (CFU)^ml log phase culture of Staphylococcus 

10 aureus strain UC 6097. Each experiment has one infected, non-medicated control group. Thirty minutes after infection 
has begun, compound treatment is given. Subcutaneous doses are administered into the loose skin in the back of the 
neck whereas oral doses are given by means of a feeding needle. In both cases, a volume of 0.2 ml is used per mouse. 
The endpoint is the presence or absence of clinical mastitis symptonr^ and quantitation of bacterial numbers in the 
mammary glands five days after infection. Bacter'a are quantitated by honwgenizing the infected gland with 4 volumes 

IS of phosphate buffered saline for 30 seconds (Omni International, model TH). The homogenate and dilutions of the 
horTK)genate are plated on BraDi Heart tnfusksn Agar, incubated at 37' C overnight, and the colonies counted. The 
lower limit of detectton is 50 CFU/gland. Infected, non-medicated mice have -5x109 CFU/gland at the time of 
necropsy. 

20 Assay VI 

Determinatk?n Of MIC Of Fusobacterium necrophorum Isoiated Using Anaerobic Plate Dilution Techntaues 

[0038] Minimum inhibitory concentratbn (MIC) data may be collected from isolates of Fusobacterium necrophooim 
2S of cattle and sheep origin. The MIC values for Fusobacterium necrophorum are determined using plate dilutbn tech- 
niques and inoculation with a Steer's replicator. The procedures are those outlined in 'Methods For Antimicrobial Sus- 
ceptibility Testing Of Anaerobic Bacteria-Third Editfon; Approved Standard" (vol. 13, no. 26, 1993> by the Natkxial 
Committee on Clinical Laboratory Standards (NCCLS). A total of 10 dilutions of the antimicrobials are tested as doubling 
dilutions of the dnjg (32 to 0.063 mcg/ml). Control strains of anaerobic bacteria (Clostridium perfringens ATCC 1 31 24 
30 and Bacterokies f ragilis ATCC 25285) are used as controls on each inoculated plate. 

. [0039] The in vivo activity of the compounds of the present inventfon can be determined by conventbnal animal 
protectbn studies well known to those skilled In the art. usually earned out In rodents. 

[0040] According to one in vivo model, mice are allotted to cages upon their arrivial, and allowed to acclimate before 
being used. Animals are inoculated with a bacterial suspension (R multocida strain 59A006) Intraperltoneally. Each 

35 experiment has at least 3 non-medicated control groups including one infected with 0.1X challenge dose and two 
infected with IX challenge dose; a 10X challenge data group may also be used. Generally, all mk:e in a given stut^ 
can be challenged within 30-90 minutes, especially If a repeating syringe (such as a Cornwall® syringe) is used to 
administer the challenge. Thirty minutes after challenging has begun, the first compound treatment is given. 
[0041] The compounds of the present invention, and the pharmaceutfcally acceptable salts thereof (hereinafter the 

40 active compounds'), may be adminstered through oral, parenteral, topical, or rectal routes in the treatment of bacterial 
and protozoal inf ectfons. In general, these compounds are most desirably administered in dosages ranging from about 
0.2 mg per kg body weight per day (mg/kg/day) to about 200 mg/kg/day m single or divkJed doses (Le.. from 1 to 4 
doses per day), although variations will necessarily occur depending upon the species, weight and conditbn of the 
subject being treated and the partk:ular route of administration chosen. However, a dosage level that is in the range 

45 of about 4 mg/kg/day to atx)ut 50 mg/kg/day is most desirably emptoyed. Variations may nevertheless occur depending 
upon the species of mammal, fish or bird being treated and its individual response to said medk:ament, as well as on 
the type of pharmaceutkral formulatfon chosen and the time period and interval at which such administration is carried 
out. In some instances, dosage levels below the lower limit of the aforesaid range may be more than adequate, while 
in other cases still larger doses may be employed without causing any harmful skJe effects, provided that such larger 

so doses are first divided into several small doses for administration throughout the day 

[0042] In the Ueatment of cancer, in partfcular non-small cell lung cancer, the active compounds may be administered 
as described in European patent applipatton publk:atk)n number 758,549, published February 2, 1997. 
[0043] The active compounds may be administered alone or in combination with pharmaceutically acceptable carriers 
or diluents by the routes previously indicated, and such administration may be carried out in single or multiple doses. 

ss More particularly, the active compounds nray be administered in a wide variety of different dosage forms. I.e., they may 
be combined with various phamnaceutk^ally acceptable inert carriers in the form of tablets, capsules, lozenges, troches, 
hard candies, powders, sprays, creams, salves, suppositories, jelfies, gels, pastes, totfons, ointments, aqueous sus- 
pensk)ns, injectable solutbns, efixirs, syrups, and the Gke. Such carriers incfude solid diluents or fillers, sterile aqueous 
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media and various non-toxic organic sotvents. etc. Moreover, oral phannaceutical compositions can be suitably sweet- 
ened and/or flavored. In general, the active compounds are present in such dosage forms at concentration levels 
ranging from about 5.0% to about 99% by weight. 

[0044] For oral administration, tablets containing various excipients such as microcrystalline cellulose, sodium citrate. 

5 calcium carbonate, dicalcium phosphate and glycine may be employed along with various dislntegrants such as starch 
(and preferably corn, potato or tapioca starch), alginic acid and certain complex silicates, together with granulation 
binders like polyvinylpyrrolidone, sucrose, gelatin and acacia Additionally, lubricating agents such as magnesium stea- 
rate. sodium lauryl sulfate and talc are often veiy useful for tabletting purposes. Solid compositions of a similar type 
may also be employed as fillers in gelatin capsules; preferred materials in this connection also include lactose or milk 

70 sugar as well as high molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are desired 
for oral adinistratk)n, the active compound may be combined with various sweetening or flavoring agents, coloring 
matter or dyes, and, if so desired, emulsifying and/or suspending agents as well, together with such diluents as water, 
ethanol, propylene glycol, glycerin and varkaus like combrnatlonis thereof. 

[0045] For parenteral adminlstratk)n, solutions of an active compound in either sesame or peanut oil or In aqueous 
IS propylene glycol may be employed. The aqueous solutkxis should be suitably buffered (preferably pH greater than 8) 
if necessary and the lk)uid diluent first rendered isotonic. These aqueous solutions are suitable for intravenous injectbn 
purposes. The oily soluttons are suitable for intraartrcular, intramuscular and subcutaneous injection purposes. The 
preparatkxi of all these solutions under sterile conditions is readily accomplished by standard pharrnaceutk:al tech- 
niques will known to those skilled in the art. 
20 [0046] Additfonally, It is also possible to administer the active compounds of the present inventkxi toprcally arKi this 
may be done by way of creams, jellies, gels, pastes, patches, ointments arKi the like, in accordance with standard 
pharmaceutical practce. 

[0047] For adminlstratbn to animals other than humans, such as cattle or domestic animals, the active compounds 
may be administered in the feed of the animals or orally as a drench composition. 
2S [0048] The active compounds may also be adminstered in the form of liposome delivery systems, such as small 
unilamellar vesicles, large unilamellar vesicles and multilamellar vesicles. Liposomes can be formed from a variety of 
phospholipkte, such as cholesterol, stearylamine or phosphatkJyIcholines; 

[0049] The active compounds may also be coupled with soluble polymers as targetable drug carriers. Such polymers 
can include polyvinylpyrrolidone, pyran copolymer. polyhydroxypropylmethacrylamWe phenyl, polyhydroxyethylaspar- 
30 tamide-phenol, or polyethyleneoxide-polylysine substituted with palmltoylresldues. Furthermore, the active compounds 
may be coupled to a class of biodegradable polymers useful in achieving controlled release of a drug, for example, 
polylactic acid, polyglycolic acid, copolymers of polylactk: and polyglycolic acid, potyepsik)n caprolactone, polyhydroxy 
butyrk: acid, polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and cross-linked or amphlpathic 
block copolymers of hydrogels. 

35 [0050] The following Examples further Illustrate the method and Intermediates of the present Inventbn. It is to be 
undeistood that the present inventbn is not limited to the specific details of the Examples provided bebw. 

Table 1 

^ The conrpounds of Examples 1-142 have the general formula 6^as shown below with 

the R and Y substituents indicated in the table t>elow. The compounds were prepared as 
described in the general preparations below. In the tat>le, the yield and mass spectra (nts) 

^ data apply to the final product. 
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Compounds 


Y 


R 


MS 


Yield 


1 


Me 


4-pyridylmethyl 


883.0 


67 


2 


H 


4-pyridylmethyl 


869.1 


43 


3 


Me 


2-pyridy!methyl 


883.6 


34 


4 


H 


2-pyridylmethyl 


869.1 


24 


5 


Me 


3-pyridylmethyl 


883.1 


56 


6 


H 


3-pyridylmethyl 


869.1 


42 


7 


Me 


4-pyridylethyt 


897.1 


15.6 


8 


H 


4-pyridylethyI 


883.1 


40.0 


9 


Me 


2-pyridylethyl 


897.1 


66.7 


10 


H 


2-pyridytethyl 


. 883.1 


49.7 


11 


Me 


3*pyridyiethyt 


897.1 


62.0 


12 


H 


3-pyridylethyl 


883.1 


40.3 


13 


Me 


1-imidazolepropyl 


900.5 


28.9 


14 


H 


1-imtdazolepropyl 


886.5 


52.1 


15 


Me 


allyl 


832.5 


79 


^6 


Me 


n-propyl 


834.7 


90 


17 


Me 


cydopropyl 


832.7 


30 


18 


Me 


methoxyethyl 


850.6 


68 


19 


Me 


methoxypropyl 


864.6 


82 


20 


Me 


benzyl 


882.6 


70 


21 


Me . 


n-hexyl 


876.8 


87 


22 


Me 


N.N-ethytmethyt amine 


843.6 


20 


23 


H 


aHyl 


818.7 


78 


24 


H 


. methoxypropyl 


850.6 


77 
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Compounds 


Y 


R 


MS 


Yield 


25 


H 


n-propyt 


820.6 


78 


26 


H 


n-butyl 


834.8 


100 


27 


H 


methoxyethyl 


836.8 


90 


28 


H 


N,N-ethylmelhyl amine 


820.6 


43 


29 . 


Me 


morpholino 


862.6 




30 


H 


benzyl 


868.9 


59 


31 


H 


cydopropyl 


818.6 


63 


32 


H 


cydopenlyl 


846.6 




33 


H 


n-hexyl 


862.8 




34 


Me 


n-butyl 


848.6 


90 


35 


Me 


2-fluorobenzyl 


900.3 


14.1 


36 


Me 


3-fluorobenzyt 


900.3 


19.7 


37 


Me 


4-fluorobenzyl 


900.3 


27.2 


38 


Me 


3.4-difluorobenzyi 


918.3 


15.8 


39 


Me 


3,5-difluoroben2yl 


918.3 


17.8 


40 


Me 


2,5Hjifluorobenzyl 


918.3 


26.9 


41 


Me 


2-trifluoromethylbenzyl 


950.2 


35.5 


42 


Me 


3-trifluoromethylbenzyl 


950.2 


24.4 


43 


Me 


4rtrifluoromethylbenzyl 


950.2 


41.0 


44 


Me 


furylmethyl 


872.2 


38.3 


45 


Me 


5-methyl furylmethyl 


886.5 


39.5 


46 


H 


2-fluoroben2yl 


886.2 


■ 


47 


H 


3-fluorobenzyt 


886.2 


26.5 


48 


H 


3.4-difluoroben2yl 


904.2 


21.6 


49 


H 


2.5-difluorobenzyl 


904.2 


19.2 


50 


H 


3-tnfluoromethylbenzyl 


936.2 


21.4 


51 


H 


4-trifluoromethylbenzyl 


936.2 


37.3 


52 


H 


furylmethyl 


858.2 


18.1 


53 


H 


5-methyl furylmethyl 


872.2 


32.8 


54 


Me 


piperonyl 


926.2 


46.4 


55 


H 


4-fluorobenzyl 


886.5 


27.4 


56 


H 


3,5-difIuorobenzyl 


904.5 


28.2 


57 


H 


4-fIuorophenethyl 


900.5 


35J2 
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Compounds 


Y 


R 


MS 


Yield 


58 


H 


3-fluorophenethyl 


900.5 


38.7 


59 


H 


2-fluorophenethyl 


900.5 


25.4 


60 


Me 


2-fluof(^henethyt 


914.7 


27.1 


61 


Me 


3-fluorophenelhyl 


914.6 


20.0 


62 


Me 


4-fluorophenethyl 


914.6 


22.0 


63 


Me 


ethyl 


821.0 


78.6 


64 


H 


piperonyi 


912.5 


50 


65) 


H 


isopropyt 


820.5 


28 


66 


Me 


4-trifluoromethoxbenzyl 


966.7 


84 


67 


Me 


3-trifluoromethoxbenzyl 


966.7 


19.1 


68 


H 


3-tnfluoromethoxbenzyl 


952.5 


73.5 


69 


H 


4-tf1fluoromethoxbenzyt 


952.5 


18.1 


70 


Me 


4-pyndylcarbonyl- 
aminoethyl 


940.3 


36.7 


71 


Me 


isopropyl 


834.7 


71.7 


72 


H 


thiophenemethyi 


874.7 


15.5 


73 


Me 


aminoethyl 


835.7 


87.5 


74 


Me 


2-methoxybenzyl 


912.2 


22.3 


75 


Me 


4- methoxybenzyl 


912.2 


16.4 


76 


Me 


• 3.4-dimelhoxybenzyl 


942.21 


19 


77 


Me 


4-melhylbenzyi 


896.2 


23.9 


78 


Me 


2.4-dimethylbenzyl 


910.2 


6.4 


79 


Me 


3-methylbenzyl 


896.2 


14.7 


80 


Me 


3-aminomethyl benzyl 


911.2 


36.9 


81 


Me 


4-methoxyphenethyt 


926.2 


45.6 


82 


Me 


2,5-dimethoxyphenethyl 


956.2 


8.1 


83 


Me 


2-methoxypheriettiyl . 


926.2 


20.9 


84 


Me 


2,3-dimethoxyphenethyl 


956.2 


19 


85 


Me 


3.4-dimethoxyphenethyl 


9X2 


14.8 


86 


Me 


2-ethoxyphenethyl . 


940.3 


4.7 


87 


H 


4-ethoxyphenethyl 


926.2 


43.3 


88 


H 


2.3-dimethoxyphenethyl 


942.2 


39.2 


89 


H 


3,4-dimethoxybenzyl 


92B2 


45 
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Compounds 


Y 


R 


MS 


Yield 


90 


H 


2-ethoxyphenethyl 


926.3 


28.9 


91 


Me 


4-ethoxyphenethyl 


940.3 


30.7 


92 


H 


2.3-dlmelhoxyphenethyl 


942.3 


34.8 


93 


H 


3,5-dimelhoxyphenethyl 


942.3 


32.0 


94 


H 


2,4-dimethylben2yl 


896.0 


37.9 


95 


H 


4-phenylbutyl 


910.2 


392 


96 


H 


3-phenylpropyl 


896.2 


41.1 


97 


H 


4-methoxybenzyl 


898.2 


53 


98 


H 


2-methoxybenzyl 


898.2 


42 


99 


H 


3-chiorobenzyt 


902.6 


41 


100 


H 


2,4-dichlorobenzyl 


937 


33 


101 


H 


3.4-dichlorobenzyl 


937 


39 


102 


H 


4-methylbenzyl 


882.1 


53 


103 


H 


2.5-dimethoxybenzyl 


928.1 


50 


104 


H 


4-chlorobenzyl 


902.6 


42 


105 


Me 


4-phenbutyl 


924.2 


23.7 


106 


H 


2-methoxyphenethyl 


912.2 


36.3 


107 


H 


2,3KJimethoxyben2yl 


928.2 


25.0 


108 


H 


3-chlorophenethyl 


916.6 


38.1 


109 


Me 


* 2,3*dimethoxybenzyt 


942.2 


22.3 


110 


Me 


3-chlorophenethyl 


930.6 


20.4 


111 


Me 


4-chlorophenethyl 


930.7 


11.3 


112 


Me 


4HTiethylphenethyl 


910.2 


26.3 


113 


Me 


3.4-dich!orophenethyl 


965.1 


6.7 


114 


Me 


3»5-dimethoxyphenethyl 


956.2 


27.0 


115 


Me 


2.4-dichloropbenethyl 


965.1 


9.3 


116 


Me 


3-phenpropyi 


9102 


30.2 


117 


H 


4-chlorophenethyI 


916.6 


30.6 


118 


H 


3.4-dichk>rophenethyl 


951.1 


4.2 


119 


Me 


N-penzylpiperazinyi 


951.3 


6.1 


120 


H 


2>2-diphenethyl 


972.3 


22.5 


121 


H 


ethyK2,3- 
dimehtoxyphenyt)-indo!e 


1057 


28.7 
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Compounds 


Y 


R 


MS 


Yield 


122 


Me 


ethyK2,3- 
' dimehtoxyphenyl)-indote 


1071 


15.2 


123 


H 


3-ethoxy-2- 
hydroxyphenelhyl 


942.2 


14.7 


124 


H 


4-methylphenethyi 


896.2 


20.3 


125 


Me 


4-chlorophenethyl 


916.6 


12.4 


126 


Me 


2.2-diphenylethyl 


986.3 


15.3 


127 


H 


3-melhyIbenzyl 


882.2 


28.6 


128 


H 


2.4-dichlorophenethyl 


951.1 




129 


Me 


3-ethoxy-4- 
hydroxyphenethyl 


956.3 


9.3 


130 


H 


4-methoxyphenethyl 


912.2 


36.5 


131 


Me 


3-chlorobenzyl 


916.6 


20.2 


132 


H 


3-methoxy-4- 
hydroxyphenethyl 


928.2 


18.4 


133 


Me 


3»4-dlchlorobenzyl 


951.1 


22.8 


134 


Me 


4-hydroxyphenethyl 


912.2 


8.8 


135 


Me 


4-aminophenethyl 


911.2 


8.7 


136 


H 


4-hydroxy>phenethyl 


898.2 


9.8 


137 


Me 


4-ethyiphenethyl 


924.2 


24.9 


138 


Me 


4-bromophenethyl 


974.0 


27.7 


139 


H 


2»5-dibenzyloxyphenethyl 


1093 


1.3 


140 


Me 


ethynyl 


816.1 




141 


H 


4-ethyIphenethyl 


910.2 


11.3 


142 


H 


44)romophenethyl 


961.1 


10.8 
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General Methods for Preparation of Examples 1-142 in Table 1 
[0051] 

5 




6 

[0052] Preparation of 11 , 1 2-carbonato (5): Azalide derivatives (4) (5 g) were dissolved in EtOAc (75 mL), followed 
by the addition of ethylene carbonate (5 eq) and K2C03 (1 eq). The resulting solution was stin^ed at 75 for two to 

40 ifive days. Solid K2G03.was first removed by filtration, and the organic layer was extracted with pH 6.0 buffer. To the 
aqueous layer was added saturated NaHCOg solution until pH Is greater than 8. and the crude product was extracted 
. with CH2CI2 (2 X 100 mL). The organic layer was dried (Na2S04), and solvent removed in vacuo to give the crude 

product which was purified by flash chromatography using 3% MeOH and 0.5% ammonia in CHgClg. 
• [0053] Preparation of 11-carbamate(6): 11,12-carbonate of azilide (5) ( 250 mg-760mg) was dissolved in the amine 

4S (1 2 mL), catalytic amount of pyridine hydrochloride was added when small aliphalic amvies were used. N-Me- 
imidazole was used as both a solvent aruJ catalyst when lipophilic aromatic amines such as fluorobenzyl amine were 
used, and neither pyridine hydrochloride nor N-Me-imidazde was added when heterocyclic aromatic amines were 
used, and the resulting solution was stirred at 23 "^C for two to five days. The reaction mbcture was then taken up into 
CH2CI2 (50-150 mL), and washed with water or 0.5 M pH 7.0 sodium phosphate buffer (5 X 50 - 150 mL) to remove 

^ the unreacted amine. The organic layer was then washed with brine (50 mL) and dried (N%S04). The solvent was 
then removed in vacuo to give the crude product which v\^s then purified by flash chromatography ushg 7:2:1 of 
hexane/EtOAc/EtgNH or 3% MeOH and 0.5% ammonia in CHaC^ to give the product 



55 
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Table 2 

The compounds of Examples 143-151 have the general fonmula 9 below with the R 
substituents indicated in the table below. The compounds were prepared as described in 
genera! preparations below. In the table, the yield and mass spectra (Ms) data apply to the 
final product. 



/ 




9 



Compounds 


R 


MS 


Yield 


143. 


3-Pyridylmethyl amine 


897.1 


44.6 


144 


4-Pyridylmethyl amine 


897.1 


33.5 


145 


2-PyridyImethyl amine 


897.1 


40.4 


146 


3-Pyridylethyl amine 


911.7 


52.9 


147 


4-Pyridylethyl amine 


911.7 


36.7 


248 


2-Pyridylethyl amine 


911.7 


22.9 


149 


2-Furylmethyl amine 


886.5 


13.5 


150 


5-methyl-2-furylmethyl amine 


900.2 


4.4 


151 


2-thiophenemethyl amine 


902.4 


30 
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General Methods for Pfeoaratlon of Examples 143-151 in Table 2 
[0054] 



10 



IS 



HO NMe, 

N "I ^ / * ' 

H0^T"^^~^ / Ethvlene Carbonate, K,COj q S 

o=< I 

EtOAc,75K: \ 




HO NMe, 



O. >0 





8 



so 



RNH2 

N-Mc-lmidazole 



25 



30 



HO NMe. 




40 



45 



[0055] Preparation of 4-tert-Alcohol carbonate (8): 4*-tert-Alcohol azalide (7) (1 g, 1 .31 mmol). ethylene carbonate 
(700 mg, 7.95 mmol) and KgCOa (21 5 mg. 1 .56 mmol) were mixed in a round bottom flasic, followed by the addition of 
EtOAc (15 mL). The resulting solution was heated to 75 *'C for 48 h. Solid K2CO3 was filtered off, and the filtrate was 
diluted with EtOAc (50 mL). The organic layer was washed with water (3 x 50 ml), and dried (N£^S04), and solvent 
was removed in vacuo \o give the product, 860 mg (83%). 

[0(K6] Preparation of 4"-tert-Alcohol Carbamate (9): 4'-tert-alcohoI carbonate (8) ( 250 mg 760 mg) was dis- 
solved in the amine (1 ~ 2 mL). and the resulting solution was stirred at 23 **C for two to five days. The reaction mixture 
was then taken up into CHgC^ (50-150 mL), and washed with water or 0.5 M pH 7.0 sodium phosphate buffer (5 X 
50 150 mL) to remove the urueacted amine. The organic layer was then washed with brine (50 mL) and dried 
(Na2S04). The solvent was then removed in vacuo to give the cmde product which was then purified by flash chroma- 
tography using 7:2:1 of hexane/EtOAc/EtgNH to give the product. 



so 



ss 
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Table 3 

The compounds of Examples 152-154 have the general formula 12 below with the R 
substituents indicated in the table -below. The compounds were prepared as described in 
Preparations below. In the table, the yield and mass spectra (ms) data apply to the final 
product. 




12 



Compounds 


R 


MS 


Yield 


152 


3-Pyridylmethyl 


1003.8 


47.9 


153 


4-Pyridylmethyt 


1003.8 


50.4 


154 


2-methoxyethyI 


. 970.6 


45.4 ; 
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General Methods for Preparation ot Examples 152-154 in Table 3 
[0057] 

/ 

HO NMe, 



V, y—( HO N] 



IS 



20 



Ethykne Carbonate. K|COj (>=^ jT^ HO' 

10 




11 



RNHj (Bcat) 



2S 



30 



3S 



40 



45 



SO 




12 



[0058] Preparation of 4"-tert'-Amino Alcohol carbonate (11): 4Mei1-Amino alcohol azalide (10) (Ig, 1.31 mmol)» 
ethylene cartx>nate (700 mg. 7.95 mmot) and K2CO3 (215 mg, 1 .56 mmol) were mixed in a round bottom flask, followed 
by the addition of EtOAc (15 mL). The resulting solution was heated to 75 '^C for 48 h. Solid K2CO3 was Altered off, 
and the filtrate was diluted with EtOAc (50 mL). The organic layer was washed with water (3 x 50 ml)» and dried 
(Na2S04), and solvent was removed in vacuo to give the product, 860 mg (83%). 

.[0059] Preparation of 4'-tert-Amino Alcohol Carbamate (12): 4*-tert'amino alcohol carbonate (11) (250 mg ~ 
760 mg) was dissolved in the amine (1 ~ 2 mL). and the resulting solution was stirred at 23 '*C for two to five days. 
The reaction mixture was then taken up into CH2CI2 (50 ~ 150 mL), and washed with water to renrxsve the unreacted 
amine. The organic layer was then washed with brine (50 mL) and dried (Na2S04). The solvent was then removed in 
vacuo to give the crude product whk:h was then purified by flash chromatography sing 7:2:1 of hexane/EtOAc/EtgNH 
to give the product 

Table 4 

The compounds of Examples 155-215 have the general formula 15 below with the R 
substituents Indicated in the table below. The compounds v\rere prepared as described in 
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Preparations below. In the table, the yield and mass spectra (ms) data apply to the final 
product. 




15 



Compounds 


Y 


R 


MS 


Yield 


155 


ethyl 


2-pyridylmethyl 


897.3 


38.7 


156 


ethyl 


3-pyridylmethyl 


897.2 


50.7 


157 


ethyl 


4-pyrkiylmethyl 


897.3 


35.2 


158 


propyl 


2'pyridylmethyl 


911.2 


48.2 


159 


propyl 


3-pyridylmelhyl 


911.2 


43.0 


160 


propyl 


4-pyridylmethyl 


911.2 


45.8 


161 


cycJopropylmethyl 


2-pyridylethyl 


923.2 


44.5 


162 


cyclopropylmethyl 


2-pyridylmethyf 


937.2 


30.9 


163 


cydopropylmethyl 


3-pyridylmethyl 


923.2 


29.0 


164 


cyclopropylmethyl 


3-pyridylethyl 


937.2 


45.7 


165 


cyclopropylmethyl 


4-pyridylmethyl 


923J2 


46.6 


166 


cydopropylmethyl 


4-pyridylethyl 


937.3 


46.0 


167 


butyl 


2-pyridylmethyl 


925.6 


78.4 


168 


butyl 


3-pyridylmethyl 


925.6 


71.0 


169 


butyl 


4-pyridylmethyl 


925.6 


76.3 


170 


4-pyridylmethyl 


1-imidazoiepropyl 


977.5 


49.1 


171 


4-pyridylmethyl 


3-pyridy!methyl 


960.5 


36.7 


172 


4-pyridylmethyl 


4-pyridylmethyl 


960.5 


30.6 


173 


cydopropylmethyl 


1*lmidazdepropyl 


940.6 


70.1 


174 


butyi 


1-imtdazolepropyt 


942.6 


75.3 


175 


butyl 


2-pyndylethyl 


939.1 


82.2 
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Compounds 


Y 


R 


MS 


Yield 


176 


butyl 


3-pyridylethyl 


939.1 


88.2 


177 


butyl 


4-pyridylethyl 


939.1 


82.9 


178 


pentyl 


2-pyriclylmethyl 


939.1 


22.6 


179 


pentyl 


3-pyridylmethyl 


939.1 


29.3 


180 


pentyl 


4-pyridylnnethyl 


939.1 


25.8 


181 


hexyl 


2-pyridylmethyl 


953.2 


18.4 


182 


hexyl 


3-pyridylmethyl 


953.2 


22.0 


183 


hexyl 


4-pyridylmethyl 


953.2 


28.4 


184 


3-phenylpropyl 


2-pyridylmelhyl 


987.1 


42,9 


185 


3-phenylpropyl 


3-pyridylmethyl 


987.1 


71.1 


186 


3-phenylpropyl 


4-pyridylmethyl 


987.1 


35.7 


187 


heptyl 


2-pyridylnr)ethyt 


967^ 


82.6 


188 


heptyl 


3-pyridytmethyl 


967.2 


91.1 


189 


heptyl 


4-pyridylmethyl 


967.2 


53.0 


190 


octyl 


2-pyrldylaiethyl 


981.2 


97.5 


191 


octyi 


3-pyridylmethyl 


891.2 


81.9 


192 


octyl 


4-pyridylmethyl 


981^ 


47.7 


193 


nonyl 


2-pyridylmethyl 


995.6 


82.5 


194 


nonyl 


3-pyridylmethyi 


995.7 


86.8 


195 


nonyl . 


4-pyridylmethyl 


995.6 


52.9 


196 


3-thionr>ethyt propyl 


2-pyridylmethyl 


957.5 


89.3 


197 


3-thiomethyl propyl 


3-pyridylmelhyI 


957.4 


87,1 


198 


3-thk)methyl propyl 


4-pyridylmethyi 


957.4 


86.0 


199 


4-pentenyl 


2-pyridylnnethyl 


937.4 


29.3 


200 


4-pentenyl 


3-pyridylmethyl 


937.4 


38.2 


201 


4-pentenyl 


4-pyridylmethyl 


937.3 


30.7 


202 


3-methyi butyl 


2-pyridytmethyl 


939.1 


442 


203 


3-methyt butyl 


3-pyridylmethyl 


939.2 


60.4 


204 


3-methyl butyl 


4-pyridytmethyl 


939.2 


55.8 


205 


2-phenethyl 


2-pyridylmethyl 


973.1 


37.3 


206 


2-phenethyl 


3-pyrkJyimethyl 


973.1 


15.1 


207 


2-phenethyi 


4-pyridylmethyl 


973.1 


13.8 


208 

. -„ „ 


phenylpropargyt 


2-pyridylnnethyl 


983.1 


27.6 
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w V 1 1 1 |JU U 1 lUd 


Y 
T 


o 
R 


MS 


Yield 


9nQ 


phenylpropargyl 


3-pyridy!melhyl 


983.1 


23.6 




phenylprbpargyt 


4-pyridylmethyl 


983.1 


37.8 


211 


DrODVl 








212 


butyl 


2-phenoxy ethyl 


954.2 


40.8 


213 


propyl 


2-pyridylethyl 


925;2 


31.3 


214 


propyl 


3-pyridylethyl 


925.2 


37.5 


215 


propyl 


4-pyridylethyl 


925.2 


26.7 



General Methods for Preparation of Examples 155-215 in Table 4 
[0060] 

20 



30 




RNHxCncat) 



40 



4S 




15 

so [0061] Preparatlonof 9N-Modlfled AzaIlde11,12-Carbonate(14): AAdesmethylazrthromycin 11,12-cart)onate(13) 
(2 g. ^63 mmol) and the aldehyde (13.2 mmoO were dissplved.ln CHgClg (25 mL), followed by the addition of AcOH 
(0.448 mU 7.89 mmol) and molecular sieves (3 A, 5 g). After the mbcture was stirred at room temperature for 10^15 
min, NaB(OAc)3H (2.80g, 13.2 mmoO was added, and the stirring was continued for 24 h. The reaction was first 
quenched with NaHCOg, then diluted with CH2CI2. The organic feyer was washed with saturated NaHCO^ (50 mL), 

ss brine (50 mL), and dried (Na2S04). The solvent was then renrKived in vacuo to give the product, which was pure enough 
for the next step of the sequence. 

[0062] Synthesis of 9N-Alkylated 11-Carbamate Azalkies (15): 11J2-cart)onate of 9N-modified azalkJe (14) ( 250 
mg ~ 760 mg) was dissolved in the amine (1^-2 mL), and the resulting solution was stirred at 23 ""C for two to five 
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days. The reaction mixture was then taken up into CH2CI2 (50 150 mL), and washed with water to remove the 
unreacted amine. The organic layer was then washed with brine (50 mL) and dried (N^S04). The solvent was then 
removed in vacuo to give the crude product which was then purified by flash chromatography using 7:2:1 of hexane/ 
EtOAc/EtgNH or 3% MeOH and 0,5% ammonia in CH2CI2 to give the product. 

Tables 

The connpounds of Exartiples 216-217 have the general formula 18 below with the R 
■ substituents indicated in the table below. The compounds were prepared as described in 
Preparations below. In the table, the yield and mass spectra (ms) data apply to the final 
product. 




18 



Compounds 


R 


MS 


Yield 


216 


3-Pyridy)methyl 


909.4 


5.0 


217 


4-Pyridylrnethyl 


909.6 


9.5 
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General Methixis for Preparation of Examples 1-2 in Table 5 
[0063] 




Ethylene Carbonate 
K2CO,»£tOAc»75<<: 



V 




18 17 

[0064] Preparation of N-desmethyl-N-allyl-azithromycin (16): N-desmethyl -azithromycin (1 3) (1 0 g. 11 .5 mmol) 
was dissolved In toluene (100 mL), followed by the addition of EtaN, allyl acetate and Pd(Ph3)4, the resulting solution 
was stirred at 80 **C for 7 h and then room temperature overnight. The solvent was then removed in vacuo and the 
product was was purified by flash chromatography using 2% MeOH and 0.2% ammonia in CH2CI2 to give 5. 1 g product, 
49%. 

[0065] Preparation of 9N-allyl-11, 12-carlx>nate of azitiiromycin (17): Azalide derivatives (16) (3.7 g, 4.8 mmol) 
was dissolved in EtOAc (75 mL), followed by the addition of ethylene cartx>nate (23.8 g, 27.0 mmol) and K2CO3 (0.7 
g, 4.2 mmol). The resulting solution was stin-ed at 75 for three days. Solid K2CO3 was first removed by filtration, 
and the organic layer was extracted with pH 6.0 buffer. To the aqueous layer was added saturated NaHC03 solution 
until pH is greater than 8, and the crude product was extracted with CH2CI2 (2 X 100 mL). The organic layer was dried 
(Na2S04), and solvent removed in vactio to give the product, >99% yield. 

[0066) Preparation of ON-allyt 11 -carbamate azalide (18): 11,12-carbonate of N-altyl azilide (17) ( 250 mg ~ 760 

mg) was dissolved in the amine (1-2 mL). and the resulting solution was stirred at 23 *C for two to five days. The 
reaction mixture was then taken up into EtOAc (50 ~ 1 50 mL), and washed With water to remove the unreacted amine. 
The organic layer was then washed with brine (50 mL) and dried (Na2S04). The solvent was then removed in vacuo 
to give the crude product which was then purified by flash chromatography using 7:2:1 of hexane/EtOAc/Et2NH or 3% 
MeOH and 0.5% ammonia in CH^Cl2 9^® product. 



Claims 

1. A compound of the formula 
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or a pharmaceutically acceptable saKs thereof, wherein: 

X is -CH2NR7-, or -NR7CH2- wherein the first dash of each of the foregoing X groups is attached to C-10 
carbon of the compound of formula 1 and the last dash of each group is attached to the C-d carbon. of the 
compound of fonmula 1 ; 
R1 is hydroxy; 

R? is H, CyC^Q alkyi, Cg-Cio-blkenyl, €2-0^0 a'kynyl. cyano, -CH2S(0)„R^ wherein n Is an integer ranging 
from 0 to 2. -CHgORS -CH2NR8R®, -(CH2)m(06-Cio aryl), or -(CH2)^(5-10 membered heteroaryl), wherein m 
is an integer ranging from 0 to 4, and wherein the alkyl, alkenyl, alkynyK aryl and heteroaryl moieties of the 
foregoing R^ groups are optionally substituted by 1 to 3 substituents independently selected from hato, cyano, 
nitro. trrfluoromethyl. azido, -C(0)RO -0C(0)R«, -NRSC(0)R3 -C(0)NRW, -UPPPP, hydroxy, C^C^ alkyl, 
CyC^ alkoxy, Cg-C^o 3^'* ^ membered heteroaryl; , 

R3 is an C2-Cg alkyl, alkenyl, alkynyl. alkoxyalkyt or alkylthioalkyi group any of which may optionally be sub- 
stituted by one or rpore hydroxyl groups; a Cg-Cg cycloalkylalkyi group wherein the alkyl group is an alpha- 
brariched C2-C5 alkyl group; a C^Cq cycloalkyi or Cs-Cq cyctoalkenyl group, either of which may optionally 
be substituted by methyl or one or more hydroxyl or one or more CyC^ alkyl groups or hafc> atoms; or a 3 to 
6 membered oxygen or sulphur containing heterocyclic ring whk:h may be saturated, or fully or partially un- 
saturated and which nnay optionally be substituted by one or more C1-C4 alkyl groups or hato atoms; 
Or R3 is phenyl whrch may be optionally substituted with at least one substituent selected from C^-C^ alkyl, 
C^-C4 alkoxy and C^-C4 alkylthio groups, halogen atoms, hydroxyl groups, trrfluoromethyl, and cyano; 
R* is H or a hydroxy protecting group; 

each R5 and R® is independently H, CyC^Q alkyl, C2-C10 ^'^^e^y*. alkynyl. -[OH^fffis-C^Q aryl. -{CHg)^ 

(5-10 membered heteioaiyl), wherein m Is an integer ranging from 0 to 4, and wherebi the alkyl, alkenyl, aryl, 
heteroaryl and alkynyl moieties of the foregoing R^ and R® groups are optionally substituted by 1 to 3 substit- 
uents independently selected from halo, cyano, nitro, trifluoromethyl, azkJo, -C(0)R®, -0C(0)R8, -NR8C(0) 
R®, -C(0)NR8R9 -NR6R9 hydroxy, C^-Ce alkyl, C^-Ce alkoxy, Cg-Cio aryl. and 5-10 membered heteroaryl; or 
R^ and R® may be taken together to form a 4-7 membered saturated ring or a 5-10 membered heteroaryl ring, 
wherein said saturated and heteroaryl rings optionally include 1 or 2 heteroatoms selected from O. S, and N, 
in additton to the nitrogen to which RP and R® are attached, said saturated ring optionally includes 1 or 2 
carbon-cart)on double or triple bonds, and said saturated and heteroaryl rings are optbnally substituted by 1 
to 3 substituents independently selected from hato, cyano, nitro, trifluoromethyl, azido, -C(0)RQ, OC(0) 
R8,-NR«C(0)R9, -C(0)NR8R9. -NRW, hydroxy. C^-Cg alkyl. C^-Cg alkoxy. Cg-CiQ aryl, and 5-10 membered 
heteroaryl; 

R7 is H. C1-C10 alkyl. C2-C10 alkenyl. C2-Cio alkynyl. -(CtymCe-Cioaryl, -(CH2)m(5-1 0 membered heteroaryl). 
wherein m is an integer ranging from 0 to 4. and wherein the alkyl, alkenyl, aryl, heteroaryl and alkynyl moieties 
of the foregoing R^ and R^ groups are opttonaJIy substituted by 1 to 3 substituents Independently selected 
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from halo, cyano, nitro, Irifluoromethyl. azido. -C(0)R8. -0C(0)R8 -NR^(0)R9 -C(0)NRW, -NR8R®. hy- 
droxy. CrCe alkyi, C^-Cs att^oxy, Ce-a,o aryl, and 5-10 membered heteroaryl; 

each R® arid R^ is independently H, hydroxy. C^-C^ alkoxy. C,-Cg alkyi, C2-Ce alkenyl, (CH2)fn(Ce-CYo) a^'» 
(CH2)m(5-10 membered heteroaryl), wherein m Is an Integer ranging from 0 to 4. or C^-Cio all^tyl; and Me is 
methyl 

The compound of claim 1 wherein R^ is OH. 

The compound of claim 2 wherein R^ is hydrogen or methyl R^ is ethyl. R* is H and R^ is H. 

The compound of claim 3 wherein R^ is -C^q alkyl. Cg-C^Q alkenyl, C^-O^o alkynyl, or (Chym ^6*^10 aryJ wherein 
m is an interger ranging from 0 to 4 and wherein the alkyl. alkenyl. all^yl. and aryl moieties of the saki group 
are optbnalty substituted by 1 to 3 substituents independently selected from halo, cyano. nitro, trifluoromethyl, 
azido. hydroxy. -Cg alkyI or C|-Ce alkoxy. 

The compound of claim 3 wherein R^ is -(CH2),n(5r10 membered heteroaryl) wherein m is an interger ranging from 
0 to 4 and wherein the heteroaryl moieties of the said R^ group are optkxially substituted by 1 to 3 substituents 
independently selected from hak>. cyano, nitro, trifluoromethyl. azkk>. hydroxy. C^-Ce alkyI or Ci-Ce alkoxy. 

The compound of Claim 5 wherein R^ is 2-pyridylmethyl. S^iyridylmethyl, 4-pyridylmethyl, 2-pyridylethyl, 3-pyri- 
dylethyl, 4-pyridylethyl, 2-fluoroben2yl, 3-fluorobenzyl, 4-flu6robenzyl, 2,3KJimethoxybenzyl, 2,4-dimethoxybenzyl, 
2.5-dimethoxyben2yl. 2.6-dimethoxyben2yl, 3.4-dimethoxyben2yI, 3,5-dimethoxyben2yl. 3,6-dimethoxybenzyl. 
3,4KJimethoxyphenylethyl, allyl, propyl or isopropyl. 

A pharmaceutical compositbn for the treatment of a bacterial infection or a protozoa infection in a mammal, fish 
or bird which comprises a therapeutcally effective amount of a compound of formula 1 or a pharmaceutically ac- 
ceptable carrier. 

A method of treating a bacterial infectbn or a protozoa infection in a nnammal. fish or bird whk:h comprises admin- 
sternng to said mammal, fish or a bird a therapeutically effective anrK>unt of a compound of claim 1. 

A method of preparing a compound of the formula 




1 

or a pharmaceutically acceptable salt thereof, wherein: 
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X is -ChysiR^-. or -NR^CHg- wherein the first dash of each of the foregoing X groups is attached to C-10 
carbon of the compound of formula 1 and the fast dash of each group is attached to the carbon of the 
compound of formula 1 ; 
is hydroxy; 

R2 Is H. OyC^Q alkyi, C2-Cio-alkenyl. C2-C,o alkynyl, cyano. -CH2S{0)nRS wherein n is an integer ranging 
from 0 to 2. -CHgORS. -CHgNRSRS -{CH2)^(C6-Cio aryl), or -{CH2)^(5-10 membered heteroaryl). wherein m 
is an integer ranging from 0 to 4, and wherein the alkyi, alkenyl, alkynyl. aryl and heteroaryl moieties of the 
foregoing groups are optionally substituted by 1 to 3 substituents independently selected from hak), cyano, 
nitro. trifluoromethyl. azkJo. -C(0)R8, -0C(0)R8. -Nl¥C(0)R9. -C(0)NRW, .NR^R^, hydroxy, Ci-Cg a^M- 
C^-Cg alkoxy, Ce>C^o aryl. and 5*10 membered heteroaryl; 

R3 is an Cg-Ca aJkyl» alkenyl. alkynyl, alkoxyalkyi or alkylthioalkyi group any of which may optionally be sub- 
stituted by one or more hydroxyl groups; a C^Cg cyck>alkylalkyl group wherein the alkyi group Is an alpha- 
branched C2-C5 alkyi group; a Cg-Cs cyctoaBv* or Cg-C^ cyctoalkenyl group, either of whfch oiay optkxially 
be substituted by methyl or one or more hydroxyl or one or more C|*C4 afkyi groups or hak> atoms; or a 3 to 
6 nriembered oxygen or sulphur containing heterocyclic ring whfch may be saturated, or fully or partially un- 
saturated aruf which may optionally be substituted by one or nrore C,-C4 alkyl groups or halo atoms; 
Or R3 is phenyl which may be optionally substituted with at least one substrtuent selected from alkyl. 
C,-C4 alkoxy and C,-C4 alkylthio groups, hatogen atoms, hydroxyl groups, trifluoromethyl, and cyano; 
R^ is H or a hydroxy protectnig group; 

each R5 and R6 is independently H, C^-C^q alkyl. C2-C10 alkenyl. C^-C^ q alkynyl, -(CH2)mC6-Cio aryl, -(CH2)m 
(5-10 mennbered heteroaryl). wherein m is an integer ranging from 0 to 4. and wherein the alkyl. alkenyl. aryl, 
heteroaryl and alkynyl moieties of the foregoing RS and R^ groups are optfonally substituted by 1 to 3 substit- 
uents independently selected from hato, cyano, nitro. trifluoromethyl, azkJo, -C(0)R8, -0C(0)R8. -NR8C(0) 
R9, -C(0)NR8R»,-NR8R9, hydroxy, C^-Cg alkyl. C^-Gg alkoxy, C6-C,o aryl, and 5-10 membered heteroaryl; or 
Ffi and Pfi may be taken together to fonm a 4-7 membered saturated ring or a 5-10 membered heteroaryl ring, 
wherein said saturated and heteroaryl rings optfonally include 1 or 2 heteroatoms selected from O, S, and N. 
in addition to the nitrogen to which R^ and R® are attached, saki saturated ring optionally includes 1 or 2 
cartx>n-carbon double or triple bonds, and said saturated and heteroaryl rings are optk>nally substituted by 1 
to 3 substituents Independeritly selected from hato. cyano, nitro, trifluoromethyl, azido, -C(0)R®, -0C(0) 
R8.-NR®C(0)R», -C(0)NR8R9, -NRW. hydroxy, Ci-Cg alkyl, C^C^ alkoxy, Cq-C^q aryl, and 5-10 membered 
heteroaryl; 

R7 is H, C,-Cio alkyl. Cg-Cio alkenyl, Gg-C^o alkynyl, -(CHgj^Ce-Cioaryl. -(CH2)m(5-10 membered heteroaryl), 
whereinmis an integer ranging from0to4,and wherein the alkyl, alkenyl. aryl, heteroaryl and alkynyl moieties 
of the foregoing R^ and R^ groups are optbnally substituted by 1 to 3 substituents independently selected 
from halo, cyano. nitro. trifluoromethyl. azido, -C(0)R8 -0C(0)R8 -NR^(0)R9, -C(0)NR8R9, -NRW, hy- 
droxy. C^-Ce alkyl, Ci-Cg alkoxy, C^-C^q aryl, and 5-10 membered heteroaryl; 

each RS and R^ is independently H, hydroxy. C^C^ alkoxy. C^-Ce alkyl, Cg-Cg alkenyl, (CH2)n,(C6-Cio) aryl, 
(CH2)m{5-10 membered heteroaryO, wherein m is an integer ranging from Oto 4, or C^-C^q alkylyl; and Me Is 
methyl 

which comprises treating a compound of the formula 
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2 

wherein X, Ri, R^, R3 and are defined as above, wrth a compound of the fonnula HNR^R^ wherein 
R^ and R^ defined above. 

10. The process of claim 9 wherein a compound of formula 2 is prepared by treating a compound of the formula 
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wherein 

Is hydroxy 

R2 is H, Ci-C^o a'kyl. Cg-Cio-alkenyL C2-C,o alkynyl, cyano, -CH2S(0)nRS wherein n is an integer ranging 
from 0 to 2, -CHgOR^ -CHgNRBR^. -(CH2)„{C6-Cio aiyl), or ='(CH^)„(5-10 membered heteroaryl), wherein m 
is an integer ranging frorn 0 to 4, and wherein the alkyi, alkenyK alkynyl, aryl and heteroaryl nnoietles of the 
foregoing R^ groups are optionally substituted by 1 to 3 substituents independently selected from hato, cyano. 
nitro. trifluoromethyl, azido. -C(0)R8. -0C(0)R8, -NRSC(0)R^ -C(0)NRW. -NR^Rs hydroxy, C^-Cq alkyi, 
Ci-Cg alkoxy, Cs-C^o 5-10 membered heteroaryl; 

R3 is an Cg-Cg alkyI, alkenyl, alkynyl, alkoxyalkyi or alkylthloalkyl group any of which may optionally be sub- 
stituted by one or more hydroxy I groups; a Cg-Cg cycloalkylalkyi group wherein the alkyI group is an alpha- 
branched CgrCg alkyI group; a C^-C^ cycloalkyi or Cg-Cg cyctoalkenyl group, either of which may optionally 
be substituted by methyl or one or more hydroxyl orone or nrwre C1-C4 alkyI groups or hato atoms; or a 3 to 
6 membered oxygen or sulphur containing heterocyclic ring which may be saturated, or fully or partially un- 
saturated and which may optionally be substituted by one or more CyC^ alkyI groups or halo atoms; 
Or R3 is phenyl which may be optionally substituted with at least one substrtuent selected from C^-C^ alkyl, 

-C4 alkpxy and CyC^ alkylthto groups, hatogen atoms, hydroxyl groups, trifluoromethyl, and cyano; 

is H or a hydroxy protectmg group; 
each R^and R^ is independently H, Ci-Cio alkyl, C^-C^q alkenyl, C2-<^io alkynyl, -(CH2)m<^6-Cio -(CHg)^ 
(5-10 membered heteroaryl), wherein m is an integer ranging from 0 to 4, and wherein the alkyl, alkenyl. aryl, 
heteroaryl and alkynyl moieties of the foregoing R^ and R^ groups are optbnally substituted by 1 to 3 substit- 
uents independently selected from halo, cyano, nitro, trifluoromethyl, azkto, -C{0)R®, -OC(0)R8, -NR^Cp) 
R9, -C(0)NR8R» -NR8R9 hydroxy. C^-Ce alkyl, C^-C^ alkoxy. Ce-C^o aryl, and 5-10 rpembered heteroaryl; or 
R5 and R^ may be taken together to form a 4-7 membered saturated ring or a 5-1 0 membered heteroaryl ring, 
wherein said saturated and heteroaryl rings optionally include 1 or 2 heteroatoms selected from O, S. arxJ N, 
in addition to the nitrogen to which and R® are attached, sakJ saturated nng optionally includes 1 or 2 
cartx>n-carbon double or triple bonds, and said saturated and heteroaryl rings are opttonally substituted by 1 
to 3 substituents Independently selected from hato. cyano. nitio, trifluoromethyl, azido. -C(0)RS, -0C(0) 
R8,-NR8C(0)R9. -C(0)NR8R9, -NRBRS. hydroxy, C^-Cg alkyl, C^-C^ alkoxy, C^-C^q aryl, and 5-10 membered 
heteroaryl; 

;R7 is H, Ci-C,o alkyl. C^-Cio alkenyl. Cg-C,© alkynyl, -{CH^irtPe'C^t^K -(CH2)m{5-10 membered heteroaryl). 
wherein m is an integer ranging from 0 to 4. and wherein the alkyl, alkenyl, aryl, heteroaryl and alkynyl nrKMeties 
of the foregoing and R^ groups are opttonally substituted by 1 to 3 substituents independently selected 
Jfom halo, cyano, nitro, trifluoromethyl, azido, -C(0)R8, -OCPjRB -NR8C(0)R^, -C(0)NRW, -NRW, hy- 
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droxy, -C5 alky I. C, -Cg alkoxy. Cg-Ci 0 ary I. and 5-1 0 membered heteroaryl; 

each R8 and IS independently H, hydroxy, C^-C© alkoxy, C^-C^ alkyi, Ca-Cg alkenyl. (CH2);n(C6-Cio) aryl, 
(CH2)m(5-10 membered heteroaryl). wherein m is an integer ranging from 0 to 4, or C2-C10 all^lyl; and Me is 
methyl 

5 is H or a hydroxy protectflDg group. 

. 12. A compound of the formula 



IS 



20 



2S 



. 30 




or a pharmaceutbally acceptable salt thereof, wherein: 
Ri is hydroxy 

R2 is H. C^-C^o alkyI, Cg-C-io-alkenyl, C2-C10 alkynyl, cyano, -CH2S(0)nRQ wherein n is an integer ranging 
from 0 to 2, -CHgORQ, -CHgNR^R^, -(CH2)^(Ce-Cio aryl), or '(OH^^(SA0 membered heteroaryl). wherein m 
is an Integer ranging from 0 to 4, and wherein the alkyl. alkenyl, alkynyl aryl and heteroaryl moieties of the 
foregoing R^ groups are optionally substituted by 1 to 3 substituents independently selected from hato, cyano, 
nitro, trifluoromethyl. azido. -C(0)R8 -0C(0)R8, -NR8C(0)R» -C(0)NR8R9. -NRBRS, hydroxy, Ci-Cg alkyl, 
C,-Ce alkoxy, Cg-C,o aryl. and 5-1 0 membered heteroaryl; 

R3 is an Cg-Cg alkyl, alkenyl, alkynyl, alkoxyalkyi or alkylthioalkyi group any of which may optionally be sub- 
stituted by one or more hydroxyl groups; a C5-C8 cydoalkylalkyl group wherein the alkyl group is an alpha- 
branched C2-C5 alkyl group; a Cg-Cg cycloalkyi or Cg-Ca cyctoalkenyl group, either of which may optionally 
be substituted by methyl or one or more hydroxyl or one or more C1-C4 alkyl groups or hab atoms; or a 3 to 
6 membered oxygen or sulphur containing heterocyclic ring which may be saturated, or fully or partially un- 
saturated and which may optionally be substituted by one or more 0,-04 3"^' groups or hak> atoms; 
Or R3 Is phenyl which may be optionally substituted with at least one substituent selected from C1-O4 alkyl, 
0,-04 alkoxy and 0,-04 alkylthio groups, halogen atoms, hydroxyl groups, trifluoromethyl. and cyano; 

is H or a hydroxy protecting group; 
each RS and RP is independently H, 0,-0io alkyl. Og-Cto alkenyl, Cg-C,© alkynyl, -(OH2)„j06-C,o aryl. -(0H2)m 
(5-1 0 membered heteroaryl), whereh m is an Integer ranging from 0 to 4. and wherenn the alkyl. alkenyl, aryl, 
heteroaryl and alkynyl moieties of the foregoing RS and groups are optk>nally substituted by 1 to 3 substit- 
uents independently selected from halo, cyano, nitro, trifluoromethyl, azkJo. -C(0)R8, -O0(O)R8. -NR®0(O) 
R9. -0(O)NR8r9 -NR^s. hydroxy, O^-Og alkyl, Ci-Og alkoxy, Oe-Ctoa^'. ^ 5-10 menrtbered heteroaryl; or 
RS and R® may be taken together to form a 4-7 membered saturated ring or a 5-1 0 membered heteroaryl ring, 
wherein saki saturated and heteroaryl rings optbnally include 1 or 2 heteroatoms selected from O, S, and N, 
in addrtkx) to the nitrogen to which R^ arKi R® are attached, sakl saturated ring optionally includes 1 or 2 
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cartxDn-cartx>n double or triple bonds, and said saturated and heteroaryl rings are optbnaify substituted by 1 
to 3 substituents independently selected from halo, cyano. nitro, trifluoromethyl, azido, -C{0)R®, -OCp) 
R8,-NR8C(0)R9. -C(0)NRW, -NR8R». hydroxy. CyC^ alkyl. C^-Cg alkoxy, Cg-Cio aiyl, and 5-10 membered 
. heteroaryl; 

R7 Is H, C,-C,oalky», C2-C,o3"^®"y^ Cg-Cioaikynyl. -(CH2)^Ce-CioaryK -(CH2)^(5-10 membered heteroaryl), 
wherein m is an integer ranging from 0 to 4, and wherein the alkyl, alkenyl, aryl, heteroaryl and alkynyl moieties 
of the foregoing R^ and R^ groups are optionally substituted by 1 to 3 substituents independently selected 
from halo, cyano. nitro, trifluororhethyl, azido. -C(0)lV. -0C(0)R8 -NR8C(0)R^, -C(0)NRW, -NRW, hy- 
droxy, C^-Cg alkyl, Ct-Cg alkoxy. Cq-C^q aiyl, and 5-10 membered heteroaryl; 

each R8 and R^ is independently H. hydroxy, CyC^ alkoxy. C^-Cg alkyl. Cg-Cg alkenyl. {CH^Jfi^-C^Q) aryl. 
(CH2)fv)(5-10 membered heteroaryl), wherein m Is an integer ranging from 0 to 4, or C2*C,o sAk^^f; and Me is 
methyl 

R^ is H or a hydroxy protecting group. 
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